Two experiments were designed to examine whether hormonal profiles were related to luteal life span in pluriparous postpartum anestrous beef cows. Cows (Exp. 1, n = 34; Exp. 2, n = 23) received norgestomet (N) for 9 d or served as controls (C). Each cow received 1,000 IU human chorionic gonadotropin (hCG) 48 h after removal of N (d 0). Blood samples collected every 15 min for 8 h on d -5, 3 and 5 (Exp. 1) or on d -10 and -1 (Exp. 2) were assayed for luteinizing hormone (LH) and follicle stimulating hormone (FSH). Cortisol was determined in hourly samples collected on d -5 and in samples collected every 2 min during suckling on the same day (Exp. 1). Concentrations of 15-keto-13,14-dihydro-PGF2a (PGFM) were determined in samples collected at 15-min intervals for 2 h on d -5, 3, 5 and 10 (Exp. 1). Estradiol-17[3 was measured in samples collected on d -5 (Exp. 1) or on d -10 and -1 (Exp. 2). Life span of induced corpora lutea was longer (P<.05) in N than C cows. Percentages of N cows in which corpora lutea, formed in response to hCG, exhibited a normal life span were 83% on farm 1 and 25% on farm 2 (Exp. 1), and 90% (Exp. 2), compared with 0% in C cows. Concentrations of FSH were not affected by N but were lower (P<.05) on d -5 in cows on farm 2 (.6 4-.1 ng/ml) than in cows on farm 1 (.8 -.1 ng/ml). On d -5, a treatment x farm interaction (P<.05) for mean LH was observed and frequency of pulses of LH was higher (P<.OI) in N than C cows (2.7 • .4 vs .8 --+ .8 pulsesd8 h). Neither cortisol nor PGFM was affected by N. Estradiol was increased in d -1 (6.1 +-.5 vs 2.6 --+ .8 pg/ml; P<.01) by N. It is suggested that pre-treatment with N enhanced life span of induced corpora lutea, in part, by influencing secretion of LH and development of follicles, but a threshold concentration of FSH was required for N to exert this effect.
Introduction
In suckled beef cows a luteal structure, which produces a rise in serum concentrations of progesteronne lasting 4 to 10 d, is usually observed before the first normal estrous cycle (Humphrey et al., 1976; LaVoie et al., 1981) . Similar structures form spontaneously after early weaning (Odde et al., 1981; Godines et al., 1981) or during limited suckling (Randel and Walker, 1976) , and are induced by treatment with gonadotropin-releasing hormone (GnRH) or human chorionic gonadotropin (hCG) (Britt et al., 1974; Lishman et al., 1979; Carter et al., 1980; Fonseca et al., 1980; Kesler et al., 1980; Pratt et al., 1982) . RamirezGodinez et al. (1982a) have shown that these corpora lutea in early weaned cows are associated with a potentially fertile ovulation, but pregnancy was not maintained due to early regression of the corpus luteum. Several possibilities have been suggested to account for these short luteal phases. From work done in primates and cows, it has been suggested that a shortlived corpus luteum is formed from a defective or inadequately prepared follicle (DiZerega and Hodgen, 1981) , possibly as a consequence of lowered levels of follicle stimulating hormone; (FSH; RamirezGodinez et al., 1982b) or inhibition of luteinizing hormone (LH) by cortisol (Dunlap et al., 1981) . This would be reflected by lowered concentrations of estradiol (Sheffel et al., 1982) . Lack of luteotropic support or inability to recognize or respond to luteotropin could cause corpora lutea with short life span (Kesler et al., 1978; McNeilly et al., 1981) . Finally a shortlived corpus luteum could be more sensitive to (Puglisi et al., 1979) , or subjected to higher concentrations of (Lewis et al., 1981) , luteolytic agents. Pratt et al. (1982) and Sheffel et al. (1982) have shown that pre-treatment of postpartum anestrous, suckled beef cows with norgestomet increases the proportion of cows that form corpura lutea with a normal life span in response to hCG. Therefore norgestomet-primed and non-primed postpartum beef cows, induced to form corpora lutea can be used to study mechanisms determining luteal life span.
Two experiments were designed to examine the null hypotheses that pre-treatment with norgestomet has no effects on concentrations of luteinizing hormone, follicle stimulating hormone, estradiol-1713 cortisol and 15-keto-13,14-dihydro-PGF2 (PGFM) before or after a single injection of hCG, and that changes in concentrations of these hormones are not related to the life span of the induced corpus luteum.
Materials and Methods
General. Mature, crossbred, anestrous, suckled beef cows in moderate body condition (scoring 4 to 6 on a scale of I to 9, with 1 being the thinnest and 9 the fattest; Wiltbank et al., 1962) were used in these studies. Cows were assigned at random within date of calving to receive an ear-implant containing 3 mg norgestomet for 9 d or to serve as controls. Forty-eight hours after the implant was removed (35 -.6 d postpartum; mean ___ SE; range 26, to 43) each cow was injected im with 1,000 IU hCG (d 0). The ovaries of each cow were palpated for the presence of a corpus luteum and for follicles with an estimated diameter of 8 mm or larger at implant insertion (d -!1), implant removal (d -2) and injection of hCG (d 0). Jugular blood samples were collected for determinations of progesterone at these times and daily from d 5 to 22. The criterion used to determine if a cow had formed a corpus luteum in response to hCG was that the concentration of progesterone on d 5 after hCG was greater than the mean plus 3 SD of the concentrations of progesterone on d -ll, -1 and 0. The life span of the corpus luteum formed after hCG was defined as the time from d 0 until concentrations of progesterone declined below 1 ng/ml. A life span of at least 15 d was considered to be normal. Times of frequent sampling were selected to characterize hormonal profiles during follicular, preovulatory, early luteal and mid-luteal phases associated with the induced corpora lutea.
Exp. 1. This experiment was performed during the spring of 1982 using 34 cows in two replicates (on two experimental farms). Nine cows at the Reedsville farm and eight at the Wardensville farm were pre-treated with norgestomet, while six at Reedsville and 11 at Wardensville served as controls. Beginning at 0700 to 0900, blood samples were collected, via an indwelling jugular catheter, at 15-min intervals for 8-h periods on d -5 and on d 3 and 5 after hCG for assay of LH and FSH. During the periods of blood collection the calves were separated from the cows. Suckling was reinitiated at the end of the collection period. Cortisol was measured in the nine hourly samples on d -5 and in samples collected at 2-min intervals during the first 12 min after the reinitiation of suckling on the same day. PGFM was measured in samples collected at 15-min intervals during the first 2-h of bleeding on d -5, 3 and 5 and during a 2-h period on d 10. The latter time was selected because life span of corpora lutea in control cows averaged 13 d in previous work (Sheffel et al., 1982) , and secretion of prostaglandin F2ct would be expected to be high 3 d before luteal regression was completed (Shemesh and Hansel, 1975 (Sheffel et al., 1982) ; the sensitivity of this assay was 10 pg/ml, with a recovery of 90%. Coefficients of variation within and between assays were 11 and 12%, respectively (n=8). Estradiol-1713 was assayed in 3-ml samples using the radioimmunoassa), described by Butcher et al. (1974) and validated for bovine samples by Fogwell et al. (1978) . The minimum detectable concentration was .8 pg/ml and the coefficients of variation within and between assays were 12 and 17%, respectively (n = 4). Luteinizing hormone was determined in 200-1xl samples by radioimmunoassay with intra-and inter-assay coefficients of variation of 6 and 11%, respectively (n = 8). PGFM in plasma was measured using the radioimmunoassay described by Guthrie and Rexroad (1981) ; both inter-and intra-assay coefficients of variation were less than 15% (n = 4). Follicle stimulating hormone was determined using a heterologous radioimmunoassay. Antiovine FSH antisera (NIAMDD-anti-oFSH-I) and purified oFSH for iodination (NIAMDDoFSH-I-1) were obtained from the National Institute of Arthritis, Metabolism and Digestive Diseases.
The NIAMDD-oFSH-I-1 was radioiodinated using the chloramine T method (Greenwood and Hunter, 1963) with some modifications. Briefly, 5 ~g of NIAMDD-oFSH-I-1 were mixed with 25 ixl of .5 sodium phosphate (pH 7.6) and 200 to 300 ~Ci of Na125I 5. The reaction was initiated by adding 20 p.g of chloramine T (10 pA) and terminated after 60 s by adding 40 p~g of sodium metabisulfite (20 I~1). The radioiodinated FSH was separated by gel filtration using a 20-cm sephadex G-100 column pre-washed with 2 ml of 2% bovine serum albumin (BSA). Incorporation of 125I into the protein was generally 55%, with specific activity of 40 to 45 IzCi/p.g. The average binding of 500 pg of ~25I-oFSH at the working assay dilution (!:80,000) was 35%. A volume of 150 p.l of unknown sample and 100 txl of antisera were incubated for 12 h at room temperature, followed by the addition of 100 p.l 125I-oFSH (5 ng/ml) and incubation for 12 h at 4 C. After addition of sheep-anti-rabbit gamma globulin, samples were incubated for 12 h at 4 C, then centrifuged at 2,500 x g for 30 min; the supernatant was aspirated and the pellet was counted. Sensitivity of the assay under these conditions was 170 pg/ml (NIAMDD-oFSH-RPI standard) and the intra-and inter-assay coefficients of 5Amersham Corp., Bedford, MA 01730. 6Calbiochem, San Diego, CA. 7New England Nuclear. Boston, MA.
variation were 8 and 10%, respectively (n = 11). Displacement curves by addition of increased volumes of bovine serum pools were parallel to the oFSH standard (figure 1). Values reported here are expressed in terms of NIAMDD-oFSH-RP1 standard, which was 28 times more potent in displacing labelled FSH than USDA-bFSH-B 1 standard.
Concentrations of cortisoi were quantified in unextracted plasma samples using radioimmunoassay. Antibody to cortisol was prepared in rabbits against cortisol-21-hemisuccinate-BSA. Of 32 steroids tested for cross reactivity, only corticosterone (29.1%), deoxycortisol (14.8%), progesterone (12.4%) and 17-hydroxyprogesterone (14.1%) showed any appreciable cross reactivity. Serum samples (10 to 100 p.l) or reference standards (.1 to 5 ng) were placed in 12-x 75-mm glass tubes containing assay buffer (.1 M PBS, pH 7.0) such that the total volume was 300 I~1. Thereafter lO0.1xl of 8-anilino-l-naphthalene sulfonate 6 (ANS, .4 mg), dissolved in assay buffer at 40 C and adjusted to pH 7.0 by addition of 1 N NaOH, was added to the tubes followed by the addition of rabbit-anti-cortisol and incubation for 30 min at 22 C. Subsequently 100 ill of 1, 2, 6, 7 -3H(N)-cortisol 7 (-2,500 dpm) were added, followed by an incubation of 1 h at 22 C. After addition of anti-rabbit-immunoglobulin (second antibody) tubes were incubated for 18 h at 4 C, then centrifuged at 1,800 x g for 30 min. Radioactivity was determined in .5 ml of the supernatant using 15 ml of toluene:liqifluor as scintillation cocktail. The correlation coefficient between values obtained by this procedure and from chromatographed samples was greater than .85. When exogenous cortisol was added to bovine serum, recoveries ranged from 70 to 97%. Intra-and inter-assay coefficients of variation were less than 10%.
Statistical Analyses. Results of each experiment were analyzed independently. Mean concentrations of LH, FSH, estradiol, PGFM and cortisol were calculated as the average of the samples collected during each period of serial collection. Characterization of the patterns of concentrations of LH and FSH were performed using the "Pulsar peak analysis program" (Merriam and Wachter, 1982) . Differences in mean concentrations of LH, frequency and amplitude of LH pulses were tested using split-plot analysis of variance. Differences in life span of the corpus luteum formed after hCG were tested using analysis of variance (Steel and Torrie, . Contingency chi-square tests were used to compare the proportions of cows that formed a corpus luteum after hCG.
Results and Discussion
The total number of follicles 8 mm in diameter present on d -2 did not differ between treatments in Exp. 1 or 2; however, cows at Wardensville (Exp. 1) had more follicles >-8 mm in diameter on d -11 and fewer on d 0 than cows at Reedsville (P<.05, table 1). Proportions of cows that formed corpora lutea in response to hCG did not differ with treatment or farm; this response (75%) was slightly lower than the 88% reported by Sheffel et al. (1982) , but similar to the responses observed by Kesler et al. (1981) and Pratt et al. (1982) . Induced corpora lutea in five of six and nine of ten norgestomet-pretreated cows at Reedsville during Exp. 1 and 2, respectively, persisted for more than 15 d (18.6 ---.7 and 16.5 -+ .4 for Exp. 1 and 2, respectively). Surprisingly only two of eight norgestomet-pre-treated cows at Wardensville (Exp. 1) responded to hCG with the formation of corpora lutea that persisted for more than 15 d (16.5 __+ 1.5 d). Except for cows at Wardensville, these results agree well with those previously reported by Hixon et al. (1981) , Pratt et al. (1982) , Ramirez-Godinez et al. (1982a) and Sheffel et al. (1982) . None of the control cows, in either experiment, formed corpora lutea with normal life span. Average life span of the corpora lutea in the control cows was less than 10 d, even shorter than the 13 d reported by Sheffel et al. (1982) .
Gonadotropins and Estradiol Prior to Formation of Corpora Lutea
FSH. Mean concentrations and patterns of secretion of FSH were similar to those reported by other investigators (Ramirez-Godinez et al., 1982b; Bolt and Rollins, 1983) When corrected for differences in the potency of the standards. A pulsatile pattern of release of FSH was not observed in the present studies. Treatments did not affect concentrations of FSH on d -5 (table 2) or on d -10 and -1 (table 3) . However, concentrations of FSH on d -5 in the cows at Wardensville (.6 • .1 ng/ml) were lower (P< .05) than in the cows at Reedsville (.8 • .03 ng/ml). Experiments that relate to the idea that FSH is the limiting factor for the formation of normal corpora lutea in postpartum cows have produced mixed circumstantial evidence. Ramirez-Godinez et al. (1982b) observed in early weaned cows that concentrations of FSH preceding formation of corpora lutea with short life span were lower than those preceding the formation of normal-lived corpora lutea at the next estrus. However, treatment of postpartum anestrous cows with FSH or pregnant mare serum gonadotropin before inducing formation of corpora lutea failed to enhance luteal life span (Lishman et al., 1979; Sheffel et al., 1982) . Because norgestomet-pre-treated cows at Wardensville during Exp. 1 had a lower incidence of corpora lutea with normal life span in association with lower concentrations of FSH, it is suggested that a minimum or threshold concentration of FSH is needed, during norgestomet pre-treatment, if the corpora lutea formed after hCG are to have a normal life span. LH. Because the low concentrations of LH observed in postpartum suckled cows could affect follicular development and thereby contribute to the formation of corpora lutea with short life span, it was of interest to study the patterns of secretion of LH in norgestomet-pre-treated and control cows. While treatment did not affect mean concentrations of LH in the cows at Reedsville on d -5, norgestomet-pre-treated cows at Wardensville had higher mean concentrations of LH than control cows (table 2, farm • treatment, P<.05). The frequency of LH pulses at this time was greater(P<.01) in norgestomet-pre-treated (2.7 • .4 pulses/8 h) than in control cows (.8 _ .8 pulses/8 h); but no differences were observed in the amplitude of LH pulses between treatments. No differences in mean concentrations of LH, or in frequency or amplitude of LH pulses were observed between treatments on d -10 or d -1 (Exp. 2, table 3). These variables increased with time in both treatment groups (P<.05). Although not significant, the increases in mean concentrations of LH and in amplitude of LH pulses from d -10 to -1 were relatively greater in norgestomet-pre-treated cows.
It is possible that exposure of the ovaries and the follicles to higher levels of LH, associated with more frequent release of LH on d -5 may affect the preparation of the follicle to become a corpus luteum. A single injection of 150 or 300 Ixg GnRH, to seasonally anestrous ewes, elicited a surge of LH but luteal function was absent (Haresign and Lamming, 1978) . Vincent (1983) showed that treatment of postpartum anestrous ewes with GnRH in gelatin capsules, which produced a more prolonged release of LH than a single im injection of GnRH in saline, enhanced luteal function. If small doses of GnRH were administered every 2 h during an 8-d period, corpora lutea with normal life span were formed in all the treated ewes (McLeod et al,, 1982) . Recently Peluso et al. (1984) , using rat ovaries in a perifusion culture system, showed that hourly pulses of LH reduced the rate of atresia of small-and mediumsized follicles and increased the percentage of growing follicles. Based on these observations and the results of the present experiment, one can suggest that the pattern of release of gonadotropins prior to ovulation affects the preparation of the follicle to become a corpus luteum, The increase (P<.05) in secretion of LH observed in control cows between d -10 and -1 (Exp. 2) was to be expected because concentrations of LH increase with days postpartum (Humphrey et al., 1976; Rawlings, et al., 1980; Waiters, et al., 1982a,b) . On d -5, norgestomet-pre-treated cows at Wardensville had similar concentrations and patterns of LH to those observed at Reedsville; despite this fact the life span of the induced corpora lutea in cows at Wardensville was short, suggesting that other factors are important in determining the life span of induced corpora lutea.
Estradiol. Concentrations of estradiol-1713
on d -5 (Exp. 1) were not affected by treatment, but tended to be lower (P<.06) in the cows at Wardensville (.9 +-.01 pg/ml) than at Reedsville (1.2 +__ .1 pg/ml). There were no differences in the concentrations of estradiol between the pools from samples during the first 4 h and the last 4 h on d -10 and -1 (Exp. 2), but there was a treatment • day interaction (P< .01). Estradiol-1713 did not differ between treatments on d -10 (1.1 _ .5 and 1.2 --+ .2 pg/ml for control and norgestomet-pre-treated cows, respectively) but was higher in the norgestometpre-treated cows on d -1 (6.1 _+ .5 vs 2.6 __+ .8 pg/ml). These results are similar to those reported by Sheffel et al. (1982) in which concentrations of estradiol were higher in norgestometpre-treated cows from d -2 through d 0. In cows with adequate FSH, pre-treatment with norgestomet apparently caused subtle increases in secretion of LH, which enhanced the development of a dominant follicle, characterized by a higher production of estradiol (Baird, 1983) .
Gonadotropins After Formation of Corpora Lutea
Lack of gonadotropic support after formation of induced corpora lutea was not shown to be the major determinant of their short life span. Concentrations of FSH in cows that formed corpora lutea in response to hCG did not differ with treatment, but were higher on d 5 than on d 3 (P<.05; table 2). Increases in FSH after ovulation have been reported previously in cyclic heifers (Roche and Ireland, 1981) and cows (Dobson, 1978) . Mean concentrations of LH and frequencies of LH pulses on d 3 and 5 after hCG did not differ between cows pre-treated with norgestomet and control cows (Exp. 1, table 2). In cows at Reedsville, concentrations of LH did not change from d 3 to 5, but in cows at Wardensville, LH was lower on d 5 (table 2, farm • day interaction, P<.05; Exp. 1). The lower LH was observed in cows with a greater proportion of corpora lutea with short life span, and may indicate that a minimum concentration of LH is required to support the induced corpus luteum.
Lack of responsiveness of the corpus luteum to LH could be an important determinant of luteal life span. Corpora lutea collected from postpartum cows 7 d after GnRH produced less progesterone in vitro in response to LH than corpora lutea from cows on d 7 of the estrous cycle . However, no differences in the number of receptors for LH were observed in corpora lutea collected 5 d after the first and third postpartum estrus in earlyweaned cows (Smith et al., 1984) . Corpora lutea collected from anestrous ewes on d 6 after GnRH were less responsive to hCG than those from d 6 of the estrous cycle, but did not differ in numbers of receptors for hCG (McNeilly et ai., 1981) .
Cortisol. Smith et al. (1982) suggested that higher concentrations of cortisol associated with suckling could be an important component of the prolonged postpartum period in beef cows by affecting secretion of LH. Therefore it was theoretically possible that norgestomet pre-treatment could alter cortisol production during either non-suckling or suckling periods. No differences in concentrations of cortisol were observed between norgestomet-pre-treated and control cows during the 8-h sampling period in which the cows were not suckled (11.4 • 1.3 vs 11.1 • 1.4 ng/ml), or during the 12 rain after reinitiation of suckling on d -5 (28.2 ___ 3.5 vs 25.4 • 3.1 ng/ml). These results, in conjunction with the data for concentrations of LH, do Troxel and Kesler (1983) . In postpartum ewes administration of progesterone for 4 d before GnRH reduced concentrations of PGF2et in the uterine vein 7 d after GnRH, but also reduced the level of function of the induced corpora lutea . None of these results discounts the possibility of an increase in the sensitivity of the corpora lutea with short life span to luteolytic agents. It has been observed in the prepuberal pig that induced corpora lutea, which fail to support pregnancy, are more sensitive to luteolysis by PGFza (Puglisi et al., 1979 ).
Summary and Conclusions
Higher concentrations and more frequent pulses of LH observed in norgestomet-pretreated cows on d -5 may enhance development of the follicle that will become a corpus luteum, as indicated by the elevated concentrations of estradiol at the time of, and after, removal of the implant. Effects of norgestomet on life span of induced corpora lutea cannot be explained by changes in the concentration of FSH prior, or subsequent, to induction of ovulation by hCG. In cows on one farm in which the concentrations of FSH and estradiol on d -5 were low, norgestomet was ineffective, so a threshold concentration of FSH or a minimum state of follicular development, prior to or during norgestomet treatment, may be required for norgestomet to produce other changes. Furthermore, low con- *Farm x day interaction after hCG (P<.05). Mean PGFM was lower in cows at Wardensville on d 3 and 10.
centrations of LH observed on d 5 in the same groups of cows indicate that a minimum concentration of LH after hCG may be required to support the induced corpus luteum. Neither gonadotropic support nor increased levels of PGFM after ovulation could be related to differences due to norgestomet in the life span of corpora lutea induced by hCG. It is suggested that treatment with norgestomet is likely to play a role in the selection or development of a dominant follicle, possibly via enhanced secretion of LH during the presence of the progestogen. 
